Population densities in cities of developing countries are much higher than in other parts of the world, and the predominance of poverty in urban slums is ubiquitous throughout the region. In many urban areas, the lack of wastewater and waste management continues to be a huge challenge for environment and health protection. Decentralized approaches are proposed to provide practical, alternative options for sustainable urban wastewater and waste management in urban conditions. Conventionally, on-site constructed brick/concrete biogas reactors are the most used models.
INTRODUCTION
At the turn of the century, the Millennium Development Goals (MDGs) unveiled a special horizon -one that the entire developing world has been tasked to arrive at by 2015. The MDGs become the parade-horse of the international community with respect to poverty eradication (ADB/UNDP/UNESCAP/WHO ). MDG 7 requires achieving a significant improvement in the lives of at least 100 million slum dwellers by 2020 by reducing poverty and improving water and sanitation. Up to now, although the world has met the MDG drinking water target, five years ahead of schedule, there are no reasons to relax. Projections indicate that in 2015 more than 600 million people worldwide will still be using unimproved water sources (UN ).
Rapid urbanization in developing countries creates massive demand for basic infrastructure in cities. The urbanization is attributed to natural increase and ruralurban migration. The rate of urbanization often exceeds the rate of economic growth. As a result, infrastructure development lags behind the population growth, particularly in the low-income areas (Konteh ) . Population increase in most cities is projected to be highest in slums (Paterson et al. ) . A third of the urban population in the developing countries is estimated to be living in slums, with the highest number in sub-Saharan Africa, where 62% of the urban population lives in slums (UN-Habitat
, ).
Providing reliable and affordable wastewater and waste treatment systems is a challenge in many parts of the world. Poverty, high density, the absence of utilities and lack of infrastructure are common features of urban slums. The environment of slums is extremely unhygienic as they are located at neglected sites such as solid waste dumps, open drains and sewers, low land, embankments, and often along the rail lines (UN-Habitat ). Due to the high population density and overcrowding in slums, the potential spread of diseases is usually much greater than in less crowded neighborhoods.
To develop a sustainable urban wastewater and waste management platform for this situation, a decentralized approach for waste and wastewater treatment for biogas production and resource recovery is proposed as a practical option. Centralized wastewater treatment systems depend on sophisticated technologies and skilled manpower for their operation and maintenance (O&M). They require huge investment capital and recovery mechanisms of significant O&M costs (Giovanni et al. ) . Therefore, decentralized wastewater treatment systems (DEWATS) could be beneficial in developing countries, allowing locals to improve their situation when there is a lack of action or capacity of the governing body (Green & Ho ) . Biogas septic tank (BST) The simple septic tank system is the most commonly known primary treatment method for on-site wastewater treatment. Septic tanks remove most settleable solids and -if gas-tight sealed -function as an anaerobic bioreactor that promotes partial digestion of organic matter and provides energy in the form of biogas. The Imhoff tank model is another primary treatment method that can accommodate higher flow rates than the septic tank, but it is less common (May et al. ) .
APPROPRIATE TECHNOLOGIES FOR DECENTRALIZED SYSTEMS
Anaerobic baffled reactors (ABR) ABR is modified from the simple septic tank system and could -if gas-tight sealed -be used for biogas recovery. In 1981, the ABR was developed by McCarty to treat wastewater with extremely high organic loads (William & David ) . A model developed in Nepal consists of ABR and hybrid constructed wetland (HCW). ABR has good potential for use as primary treatment. It is very effective in the removal of organic parameters (Shirish et al. ) and could be filled with carrier materials similar to an anaerobic filter (AF) to provide highly efficient contaminant removal (Feng et al. ) .
Membrane biological reactor (MBR)
MBR combines the features of membrane separation and biological treatment technology. It can be regarded as an advanced treatment technology. MBR is not an easy-to-maintain technology and is not ideal for most rural, peri-urban and slum conditions. MBR mainly suits areas where a high effluent standard is required (Adriano et al. ) .
Constructed wetland (CW) CW makes full use of a triple synergy among chemical, physical and biological effects of natural ecosystems. Wastewater is purified when passing through a constructed basin filled with coarse sand and gravel, and planted with water-tolerant plants like reeds, cattails and other hygrophilous plants, thus imitating natural marshland conditions. CW does not treat very polluted wastewater. It normally functions as a post-treatment unit.
Sand filtration system Known as natural treatment systems, sand filtration (mostly buried) systems are regarded as an environmentally friendly final treatment step, which is cost effective, and free of problems from solid waste generation -compared with conventional systems (Kemal & Bilal ) . • High ground water levels: in coastal areas where it is difficult to construct brick, stone, concrete or molded reactors; where the quality of reactor construction cannot be controlled but gas-and water-tightness should be absolutely guaranteed.
JUSTFICATIONS FOR PREFABRICATED SYSTEMS AND COMPONENTS
• Locations in remote/mountainous areas: where it is difficult to provide and transport conventional construction materials.
• Site with shortages in conventional construction materials and specialized labor force: to avoid increased construction cost or extended program overheads due to repeatedly required training sessions.
• Where residential areas are modified and rebuilt as a result of rural reconstruction and land reform measures, or inheritance, which affects the permanent siting of conventional reactors.
CASE 1: CHINA
China plays a leading role in the sector of low-cost biogas reactors as well as the prefabricated biogas reactor industry.
In China, prefabricated reactors are also called commercia- Figure 1 and Table 2 .
As for wastewater treatment, China launched a series of plans and regulations to control wastewater discharge, one of which explicitly stipulated that dispersed settlements without access to municipal sewage collection systems should adopt an on-site wastewater treatment approach to In addition to the improvements in the informal settlement, the old and unhygienic toilets at the local primary school with 330 learners will be replaced by robust prefabricated toilets. The wastewater treatment system will include a biogas reactor, which provides the school kitchen with energy for cooking. This helps to partly substitute the currently used liquefied petroleum gas (LPG).
CONCLUSIONS
The concept of decentralized technologies for wastewater and waste management aims at the development of wastewater systems that are financially more affordable, more socially responsible and more environmentally benign 
